Ibuprofen is a commonly used medication in the United States and is used both by prescription and over the counter, while hypokalemia is a life-threatening condition caused by various etiologies, one of which is the side effect of medications. Ibuprofen is well-known for its various nephrotoxic side effects, including hyperkalemia as a common electrolyte abnormality, however, renal tubular acidosis leading to hypokalemia with the use of ibuprofen has been reported rarely. We present here two cases of life-threatening hypokalemia due to over-thecounter use of large doses of ibuprofen and describe its management.
Introduction
Ibuprofen-induced hypokalemia was first described by Gaul et al. [1] in 1999, and since then, there have been a total of 16 cases reported per a PubMed search [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Interestingly, most cases have been reported from Australia, UK, with one case from Mexico and one from the USA. It is most likely due to the availability of a combination of ibuprofen and codeine as an overthe-counter (OTC) medication in Australia and the UK [2] . Patients can present with potassium levels as low as 0.9 mMol/L [3] , and due to the OTC availability of ibuprofen, information about its use may not be readily available in the medical records. In both our patients, a detailed medication history provided us information about OTC ibuprofen use. The cases discussed here highlight the uncommon complication of widely available ibuprofen and the importance of obtaining OTC medication history while evaluating a case of hypokalemia.
normal strength in both the upper and lower extremities with no focal weakness. Initial workup showed significant hypokalemia of 1.9 mMol/L, bicarbonate 17 mMol/L, anion gap (AG) 16 mMol/L, and albumin 3.6 gm/dL ( Table 1) . The patient denied recent vomiting, diarrhea, an increase in urine output, intake of any food/herbal supplements, chewing tobacco, and the use of diuretics. He drank alcohol occasionally and urine drug screen was positive for marijuana and opiates. Electrocardiogram (EKG) showed mild QT prolongation (Figure 1) . He was treated with intravenous (IV) potassium chloride (KCL) and admitted to the intensive care unit (ICU).
On further interview, he reported having been taking ibuprofen for the past three months. He started with five tablets/day and increased it to 35 tablets/day to achieve adequate pain control. Other medications included acetaminophen and tramadol.
FIGURE 1: Electrocardiogram (EKG) of patient 1 showing mild QT prolongation
Meanwhile, a chest X-ray obtained in the ED showed a left upper lobe mass, and a subsequent CT chest showed a 7 cm left upper lobe mass, a 2 cm right upper lobe mass, and a 7 cm paraspinal mass extending into the thoracic spinal canal. Neurosurgery was consulted for surgical evaluation and he was started on dexamethasone 4 mg every six hours on day two of admission.
On day two, potassium was 2.0 mMol/L after repleting with 140 milliequivalents (mEq) of KCL on day one. The urine potassium to creatinine ratio was 48.9 mEq/gm, indicating renal potassium loss. A paraneoplastic syndrome causing hypokalemia was suspected as a possible etiology but adrenocorticotropic hormone (ACTH) was found to be low (<5 pg/ml). Hyperaldosteronism was ruled out, as the serum aldosterone was < 1.0 ng/dL, and he remained normotensive through the hospital course. Urine anion gap was found to be negative, as detailed in Table 1 and urine pH was 7, pointing toward proximal renal tubular acidosis (RTA). Uric acid was within the normal limits (3.5 mg/dL). The patient continued to have hypokalemia despite daily replacement, as shown in Figure 2 . Further workup, including autoimmune workup, serum protein electrophoresis (SPEP), and urine protein electrophoresis (UPEP) to evaluate for light chains was negative. He eventually underwent laminectomy and resection of part of the paraspinal mass on day four, and the biopsy showed poorly differentiated carcinoma with clear cell features.
Serum lab values at the time of admission
After ruling out the other possible etiologies, a diagnosis of Ibuprofen-induced hypokalemia and proximal RTA was reached. The patient was aggressively treated with intravenous fluids (IVF) and he received a total of 1080 mEq of KCL replacement over 11 days of hospitalization ( Figure 2 ) along with discontinuation of ibuprofen. The patient was subsequently discharged on day 11 with a potassium of 4.4 mMol/L. 
Patient 2
A 63-year-old African American female with a history of chronic venous stasis ulcers, an unknown history of renal disease presented to the ED with complaints of epigastric pain, nausea, and vomiting for 10 days. On presentation, vitals were within normal limits and physical examination was unremarkable except for chronic ulcers on bilateral lower extremities. Her initial lab results were significant for a potassium of 2.0 mMol/L, bicarbonate of 17 mMol/L, AG of 16 mMol/L, blood urea nitrogen (BUN) of 85 mg/dL, and creatinine of 3.9 mg/dL. The rest of the labs are outlined in Table 1 . Electrocardiogram (EKG) showed normal sinus rhythm (Figure 3) . The patient was given 120 mEq of KCL, started on IVF, and admitted for the management of hypokalemia, renal impairment, and abdominal pain workup. On further questioning, she reported taking ibuprofen 800 mg on an average of 10-12 tablets/day for the past 10 months to help with the pain from chronic venous stasis ulcers. She denied taking any other medications, having diarrhea, and episodes of hypokalemia in the past.
FIGURE 3: Electrocardiogram (EKG) of patient 2 showing normal sinus rhythm
Potassium on day two of admission remained low at 2.3 mMol/L and even after 180 mEq of KCL was repleted, it continued to be low at 2.7 mMol/L on day four. Meanwhile, the urine potassium/creatinine ratio was obtained on day four, and it was 20.6 mEq/gm, indicating urine loss of potassium. The patient remained normotensive, and the serum aldosterone was 2 ng/dL, ruling out hyperaldosteronism. The urine anion gap was found to be positive 12.7 and urine pH was 6 pointing toward the distal renal tubular acidosis (dRTA).
After ruling out the other possible etiologies, a diagnosis of ibuprofen-induced hypokalemia and distal RTA was reached. She was aggressively treated with fluid and electrolyte replacement, as shown in Figure 2 , along with the cessation of ibuprofen. The patient was discharged on day 11 after persistent normal potassium levels were observed and serum creatinine improved to 2.2 mMol/L with a plan to follow up as an outpatient. During hospitalization, she received a total of 640 mEq of KCL replacement and her potassium was 3.8 mMol/L on the day of discharge.
Discussion
Ibuprofen, a nonsteroidal anti-inflammatory drug (NSAID) is among the very commonly used medications with over 21.3 million prescriptions in 2016 [14] , and the data about OTC use is less precise. Ibuprofen is associated with acute renal failure, chronic kidney disease, nephrotic syndrome, and interstitial nephritis but little is known about the much rarer RTA [4] . Ibuprofen-induced RTA has been hypothesized to be secondary to the inhibition of carbonic anhydrase inhibitor (CA) II, which is widely distributed throughout the nephron [3] . It has been shown to cause both proximal and distal RTA, as seen in the previously documented cases [4] [5] . A PubMed search showed only 16 cases of ibuprofen-induced hypokalemia and RTA as mentioned in Table 2 [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The majority of the patients were females (10) and the mean age was 41 years, with age ranging from 28-72 years [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The most prominent abnormalities seen in our patients are hypokalemia, metabolic acidosis likely secondary to proximal RTA, with a negative urinary anion gap in patient 1, and distal RTA, with a positive urinary anion gap in patient 2, and alkaline urine pH in the setting of ibuprofen overuse. After ruling out other possible etiologies for RTA, a diagnosis of ibuprofen-induced RTA, leading to hypokalemia, was made in both the patients.
Conclusions
The cases described here highlight the importance of inquiring about OTC medication history and considering ibuprofen as one of the differentials in patients with a combination of refractory hypokalemia and RTA. They also stress the need to further educate patients regarding the multiple nephrotoxic effects of excessive NSAID use, including RTAs, and emphasize the importance of limiting NSAID use.
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